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@ Heat-resistant metal monolith and manufacturing method therefor. 



© A heat-resistance metallic monolith, which is manufactured by forming metal powders into a shape of 
a honeycomb structure and by sintering the shape, has a heat-resistant metal oxide coated on the 
surface of the cell walls and that of the pores thereof. Such a heat-resistant metallic mo nolith i s 
manufactured by mixing metal powders, an organic binder and water to prepare a mixture, by forming 
the mixture into a shape of a desired honeycomb configuration, by sintering the shape in a 
noTKuridizing atmosphere at a temperature between 1000 and 1450*0 and then by coating a heat- 
resistant metal oxide on a surface of the cell walls and that of the pores of the obtained sintered body. 
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BACKGROUND OF THE INVENTION 

Held of the Invention: 

5 The present invention relates to a heat-resistant metallic monolith suitable tor use as a catalyst carrier, a 
heater or a catalytic converter and a method for manufacturing such a heat-resistant metallic monolith. 

Description of the Related Art 

10 Conventionally, porous ceramic honeycomb structures have been employed as catalysts or carriers for 
catarysts for removing, tor example, nftrogen oxides, carbon monoxide and hydrocarbon present in the exhaust 
gas of internal combustion engines, such as automobiles, or titers for removing fine particles. 

Whereas porous ceramic honeycomb structures continue to be a popular and useful material in such envi- 
ronments, there has been a desire to develop materials exhibiting greater mechanical strength and thermal resi- 
ts stance in hosfie environments. Accordingly, a honeycomb structure produced by wincing a metal plate in a 
corrugated fashion has been proposed in UJC Patent 1492929 and used. 

However, in this fba type metal honeycomb structure, the catalyst layers cannot be closely adhered to the 
metal substrate with a coating formed thereon because of its low porosity, and a ceramic catalyst readily peels 
off the metal substrate due to a difference in the thermal expansion between the ceramic catalyst and the metal 

20 substrate. Furthermore, telescope phenomenon readOy occurs during the run cycle in which a metal to metal 
join breaks and the metal substrate deforms in such a manner that it protrudes in the direction of the flow of 
gas. This may disturb safe running of the vehicle. Furthermore, in the manufacture of the fo3 type metal hon- 
eycombs, yield of the rolling process is low, inviting high production cost 

Honeycomb structures manufactured by forming metal powders and by sintering the formed body are also 

25 known. Such honeycomb structures have been proposed in, for example, United States Patent No. 4,7584*72, 
Japanese Patent Laid-Open Nos. 57803/1982 and 57904/1982, Japanese Patent Publication No.6974/1982, 
and Japanese Utility Model Publication No. 67609/1988. 

The honeycomb structure disclosed in United States Patent No. 4,758,272 has a composition essentially 
consisting, as analyzed in weight percent, of 5 to 50% A£, 30 to 90% Fe,0to10%Sn,0to10%Cu,0to10% 

30 Or and not more than1%Mg and/or Ca. This honeycomb stnicture has a por^ 
and a predetermined cell density. 

However, since this honeycomb structure has no heat-resistant metal oxide coating formed thereon and 
is therefore not heat-resistant an oxide film may be partially formed on the honeycomb structure when a is used 
as a filter, differentiating the characteristics, such as thermal expansion or ductility, and increasing the possfei- 

35 frty of the honeycomb structure being broken. 

The honeycomb structure dtsdosed in Japanese Patent Publication No. 6974/1982 is manufactured by 
binding a large number of small honeycomb components made of powders of catalytic activating substances 
which act as catalysts for use in automobile exhaust emission control, such as nickel, copper and chromium. 
However, oxidation process is performed at a low temperature to achieve catalytic actrvfty, and it is therefore 

40 impossible to accomplish sufficient heat-resistance. Furthermore, tilts honeycomb structure is not a monolithic 
body and may be broken due to vibrations given to it during the operation. 

The metal honeycomb structures disclosed in Japanese Patent Laid-Open Nos. 57803/1982 and 
57804/1982 are manufactured by preparing a mixture of metal powders, a thermosetting binder, a colloidal s8ica 
and so on, by forming the mixture into a honeycomb configuration by the extrusion and then sintering the shaped 

45 body after it has been hardened. Lfte United States Patent No. 4,758,272, however, Japanese Patent Laid- 
Open Nos. 57803/1982 ami 57804/1982 do not disclose the provision of a heat-resistant coating. So, these 
metal honeycomb structures may be broken when used as, for example, a catalyst carrier. 

In the preheater proposed in Japanesse Utility Model Laid-Open No. 67609/1988, coated alumina readily 
peels off metal support due to a difference in thermal expansion between alumina and the metal support Fur- 

so thermore, a metal to metal join of the metal substrate breaks during the operation, generating an electrically 
insulating portion and, hence, non-unrform flow of current and non-uniform heating. 

Meanwhile, as for the heat-resistantfDrn, it is described in U.S. Patent No. 491 5751 to effect heat treatment 
twice at 900-960°C and 96f>1,000°C to form alumina whiskers. This approach, however, has no efTert for oxi- 
dation resistance. Also, in Japanese Patent Laid-Open No. 75040/1 989, it is described to coat th surface layer 

55 of a base material(stainless steel) with an alkoxide or the like to form a protective fflm. However, the alkoxide 
is expensive; the base material is produced by melting and rolling and has no pores, and accordingly is not a 
porous alloy. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provid a metallic honeycomb monolith which exhibits high resist- 
ance to heat, corrosion and oxidation and excellent ductO&y and a method of manufacturing such a metallic 
5 honeycomb monolith. 

To this end, the present invention provides a heat-resistant metallic monolith comprising a metal monolith 
and a heat-resistant metal oxide coated on a surface of cell walls and that of pores in the metal monolith. The 
metal monolith is manufactured by forming metal powders into a shape of a honeycomb configuration and by 
sintering the shape. 

10 The present invention also provides a method of manufacturing such a heat-resistant metallic monol&h 
which comprises the steps of preparing a mixture of metal powders, an organic binder and water, forming the 
mixture into a shape of a desired honeycomb configuration, sintering the shape in a non-oxidizing atmosphere 
at a temperature between 1000 and 1450°C and coating a heatresistant metal oxide on a surface of cell walls 
and that of pores of the obtained sintered body. 

15 Extrusion, press shaping or slip casting etc may be employed as forming or shaping method, and the ext- 
rusion (extruding method) is preferably employed. 

The thus-obtained heat-resistant metallic monolith can be used as a catalyst canrrierorafilterfor removing 
the fine particles contained in the exhaust gas of automobiles. The heat-resistant metallic monofith of the pre- 
sent invention can also be employed to manufacture a heater. Manufacture of the heater is achieved by the 

20 provision of electrodes on the metallic monolith. 

The present invention also provides a honeycomb heater comprising a metallic honeycomb structure pro- 
duced by forming metal powders into a honeycomb configuration and by sintering said honeycomb; and at least 
two electrodes through which a current is supplied to said honeycomb structure to heat gas flow in passages 
formed in said honeycomb structure. 

25 The heat-resistant metallic monolith of the present invention can also be employed to manufacture a cataly- 
tic converter. The catalytic converter may be manufactured by placing a catalyst on the metallic monolith and 
by providing electrodes on the metallic monolith. Also, the heat-resistant metallic monolith of the present inven- 
tion can be employed to manufacture a catalytic converter which com prises a main monolith catalyst and a hea- 
ter disposed adjacent to and upstream of the main monolith catalyst This heater may be obtained by providing 

30 electrodes on the metallic monolith according to the present invention ami by placing a catalyst on the metallic 
monolith, if necessary. 

The present invention further provides a catalytic converter comprising a main monolith catalyst and a hon- 
eycomb heater disposed adjacent to and upstream of said main monolith catalyst, said honeycomb heater 
including a metallic honeycomb structure produced by forming metal powders into a honeycomb configuration 
35 and by sintering said honeycomb, and at least two electrodes provided on said metallic honeycomb structure. 

In the preferred form, the metal monolith has a composition consisting essentially of 2JS to 30% by weight 
of Al, 0 to 40% by weight of Cr and a balance of Fe. 

In the process of the present invention, it is preferable to mix metal powders to that the resulting metal pow- 
der material comprises at least 30% by weight of a pure iron powder, because the material gives a sintered 
40 metal of improved corrosion resistance. 

Further, by keeping the sintered material in a hydrogen-containing gas atmosphere of 500-1 ,3Q0°C, there 
can be formed a dense alumina-based protective film of excellent adhesion and heat resistance. 

BRIEF DESCRIPTION OF THE DRAWING 

45 

Fig. 1 is a perspective view of a honeycomb monolith according to the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

so The heat-resistant metallic mondrth according to the present invention has a heat-resistant metal oxide 
coated on a surface of ceil walls and that of pores of a metal monolfth. 

Hence, the heat-resistant metallic monolith contemplated in the present invention exhibits high resistance 
to heat ami oxidation and therefore minimizes the possibility of breakag which would occur when it is used 
as a catalyst carrier, filter, honeycomb heater or a catalytic converter for use in automobO exhaust emission 

55 control. 

The composition of the metal monolith preferred in the present invention consists essentially, as analyzed 
in weight percent, of 2.5 to 30% Af.O to 40% Or and a balance of Fe. The preferred proportion of Af is between 
12 and 25% when the level of Cr is between 0 to 10%, and between 3 and 20% when th level of Or exceeds 
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10%. The preferred level of Or Is between 1 0 and 25%. When the proportion of Af is less than Z5%, resistance 
to oxidation at high te mpera tu re deter io ra te s. Inclusion of more than 30% Af increases brittieness of the pro- 
ducts and deteriorates the characteristics thereof inherent in metals. Inclusion of more than 40% Cr further 
increases brfttieness of the products and production cost 
5 In the metal monolfth preferred En the present invention, 0 to 10% Sn and Oto 10% Cu may also be present 
Although presence of these elements lowers the sintering temperature, it deteriorates resistance to oxidation. 
The preferred proportion should therefore be at most 10% in total. 

Preferably, the sum of Fe, Af and Cr constitutes 90% or more of the total compassion. Below 90% of the 
sum of Fe, Af and Cr the heat-resistance and ductility of the metal monolith deteriorate. 
10 Presence of Mg and Ca promotes the sintering. However, ft deteriorates the characteristics of the metal 
monolfth, such as resistance to oxidation, and it is therefore desirable for them not to be present 

The preferred contents of C and N in the metal monolith according to the present invention is respectively 
1 % or below, and that of O is 3% or below. 

Any heat-resistant metal oxide can be coated on the surface of the cell walls and that of the pores in the 
is metal monolith according to the invention. Examples of such metal oxides include Af 2 Qs and Cr&& 

The heat-resistant metallic monolith, having the above-described composition and structure, can be used 
as a catalyst earner or a filter for removing the fine particles contained in the exhaust gas of automobiles. 

The heat-resistant metallic monolith of the present invention can aiso be employed to manufacture a heater 
for domestic use, such as a hot air heater, or an industrial heater, such as a heater or a preheater for use in 
20 automobile exhaust emission control. Manufacture of these heaters or a preheater is achieved by the provision 
of electrodes on the heat-resistant metallic monolith. 

The heat-resistant metallic monolith of the present invention can aiso be employed to manufacture a cataly- 
tic converter which is achieved by placing a catalyst on the metallic monolith and by providing electrodes on 
the metallic monolith. Also, the heat-resistant metallic mondith of the present invention can be employed to 
25 rnamrfacturB a catalytic converter which comprises a main monolith catalyst and a heater disposed adjacent 
to and upstream of the main monolfth catalyst The heater can be obtained by providing electrodes on the metal- 
lic mondith according to the present invention and by pladng a catalyst on the metallic mondith, if necessary. ( 
These catalytic converters can be desirably employed in the control of an automobOe exhaust emission. ; 
The method of n^utacturfng the heat-resistant metallic mondith preferred in the present invention wii be , 
30 described below. ^ 
Frst, Fe powder, Af powder and Cr powder, or powders of alloys of these metals, with optional addfttons 
of Sn powder and Cu powder, are mixed to prepare a metal powder mixture having a composition essentially 
consisting of, as analyzed in weight percent 2.5 to 30% Af, 0 to 40% Cr and a balance of Fe with the sum Af, 
Grand Fe constituting 90% or more of the total composition. These metal powders may be produced by, for 
35 example, the carbonyi process, pulverization, atomization, reduction, or electrolytic method. The size of the 
metal powders is dependent on the wall thickness of the cells of the honeycomb structure. For example, in case 
of extrusion, it is practically desirable that the largest partide size be about two thirds of that of an extruding 
die slit Preferably, the contents of C, O and N in the metal powder mixture are respectively 1 0% or less, 3% 
or less and 1% or less, 

40 It is preferable to prepare, by mixing, the metal powder material so that the material comprises at least about 
30% by weight of a pure iron powder, because the material gives a sintered material of improved corrosion 
resistance. The reason is presumed to be that debinding is made wdl resulting in lower carbon content As the 
pure iron powder, there is preferable used an iron carbonyi powder produced by the carbonyi method, because 
ft gives further improved debinding. 
45 In case of the extrusion, subsequently, the metal powder mixture is blended into an organic binder, such 
as methyl cellulose or polyvinylaJcohd, and water to produce a formable mixture, and that mixture is then formed 
into a shape of a desired honeycomb configuration by tile extrusion. 

When the metal powder mixture is blended into the organic binder and water, prior to the addition of water, 
an antioxidant, such as deic acid, may be added to the metal powder mixture. Alternatively, powders of metals 
so which are subjected to anti-oxidation process may be employed. 

The use of oxide as a forming aid or the Ike disturbs sintering and is therefore undesirable. 
Next, the shaped honeycomb body is sintered in a non-oxdizing atmosphere at a temperature ranging be- 
tween 1000 and 1450°C. During the sintering in the non-oxidizing atmosphere containing hydrogen, the organic 
binder rs decomposed and thereby removed with F or the Ifce acting as a catalyst and a good sintered body 
55 (a metal mondith) can therefore be obtained. 

If the sintering temperature is lower than 1000°C, n sintering is achi ved. Sintering conducted ata tem- 
perature higher than 145G°C causes deformation of the resulting sintered body or increases production cost 
and is therefore undesirable. 
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When a smterable metal powder honeycomb monolith structure is to be sintered, the sinterable body is 
preferably encased nia sintering jig and thereby opposed close to or in contact with the jig. The sintering jig 
can be made of any materia). Examples of such materials include metals, such as stainless steel, Mo and W, 
and ceramics, such as alumina, graphite and StC. 
5 The sintering time is appropriately determined such that the contents of C, N and O are within the above- 
described range. The preferred length of time is 2 hours or longer. 

Thereafter, a heat-resistant metal oxide is preferably coated on the surface of the cell walls and that of the 
pores of the obtained sintered body by any of the following methods wherein: 

(1) the metal monolith (sintered material) is kept in a hydrogen-containing gas atmosphere of 500-1,300°C. 
10 (2) the metal monolith is subjected to the heat-treatment In an oxidizing atmosphere at a temperature rang- 
ing between 700 to 1200°C. 

(3) Al or the IBce is plated on the surface of the ceil walls and that of the pores of the sintered body (the 
metal monolith) (e.g., vapor plating) and that sintered body is subjected to the heat-treatment in an oxidizing 
atmosphere at a temperature between 700 and 1200°C. 
15 (4) the metal monolith is dipped into a molten metal, such as Af , and that metal monolith is subjected to 
the heat-treatment in an oxidizing atmosphere at a temperature between 700 and 1200°C. 
(5) alumina sol or the like is coated on the surface of the cell walls and that of the pores of the sintered 
body (the metal monolith) and that sintered body is subjected to the heat-treatment in an oxidizing atmos- 
phere at a temperature between 700 and 1200°C. 
20 To enhance resistance to heat and oxidation, heat-treatment conducted at a temperature ranging between 
900 and 1200°C is preferred. 

Of the above methods, the method (1 ) can form a dense alumina-based protective ftm of excellent adhesion 
and heat resistance and accordingly can give a metal monolith of excellent oxidation resistance and corrosion 
resistance. 

25 In the method (1), the fiydrogen-conteining gas atmosphere preferably has a dew point of -70°C to -40°C. 
Although the thus-obtained heat-resistant metallic monolith may have any honeycomb configuration, in a 
metallic monolith which is designed for use as a catalyst carrier, heater and catalytic converter, the cefl density 
ranges from 6 to 1500 cells/in 2 (0.9 to 233 cells/cm 2 ) with a cell wall thickness ranging from 50 to 2000 urn. 
To achieve sufficient mechanical strength and resistance to oxidation and corrosion, the porosity of the 
30 heat-resistant metallic monolith wOl be held between 0 and 50% by volume, and more preferably, less than 25% 
by volume. In a heat-resistant metallic monolith designed for use as a catalyst carrier, the porosity wfll be held 
5% or above to ensure close contact between the metaSic monolith and a catalyst layer. 

Illustrating the heat-resistance of the heat-resistant metallic monolith with a heat-resistant metal oxide 
coated on the surface of the cell walls and that of the pores thereof according to the present invention, it is 
35 desired that an increase in the weight of a metallic monolith after being fired for 1000 hours in an atmosphere 
at 900°C be within 10% by weight of the total weight 

The term, "honeycomb monolith or honeycomb structure" is employed in this application to refer to an in- 
tegral body having a large number of passages partitioned by the walls, as shown in Fig. 1. The passages have 
any cross-sectional form (cell shape), e.g. t a circular, polygonal or corrugated form. ^ 
40 The present invention wiQ further be llustrated in the following examples which are intended to be illustra- 
tive, but not limiting, of this invention. 

Example 1 

45 Fe powder piBpared by the cartwnyl process, Af p prepared by 

the electrolytic method, Fe-Af alloy powder prepared by pulverization and Fe-Cr alloy powder prepared by 
atorrdzatton, all having a particle size of 300 mesh or less, were mixed to prepare mixtures having the compo- 
sitions listed in Table 1 . Thereafter, each mixture was blended first into 5% by weight of methyl cellulose which 
served as an organic binder and 2% by weight of oleic acid which served as a lubricant and as an arrttoridant 

50 of the metal powders then 20% by weight of water, to produce a formable admixture. 

The obtained admixture was deaerated by means of an pug mil and then extruded through a die to form 
square cell honeycomb structure having a diameter of 1 00 mm, a ceU wail thickness of 75 urn and a cell density 

Of 620608/011?. 

After the shaped honeycomb structure was dried, it was sintered fbr4 hours in hydrogen or rrydrogen/argon. 
55 atmosphere at a temperature between 1200 and 1450°C and then fired in an atmosphere for 2 hours at a tem- 
perature between 900 and 1100°C to form an oxide film on th surface thereof. 

The porosity, oxidation resistance (represented by an increase in weight caused by tiring in an atmosphere 
for 1000 hours at 900°C) and corrosion resistance ( represented by a reduction in weight caused by dipping in 
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an aquare solution of HCl having pH of 1 far 1 hour) of the obtained honeycomb structures were measured. 
The resutts of the measurements are also shown in Table 1. The porosity was measured by the 
Archimedes' method. 

As can be seen from Table 1, inclusion of less than 2.5% by weight of A? is disadvantageous to provide 
5 heat-resistant alumina film and therefore deteriorates oxidation resistance. Inclusion of more than 30% by 
weight of Af , provides undersintering ana; deteriorates oxidation resistance. 
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Table 1 (part II) 
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25 
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12 


13 
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3.0 
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2.0 


Resistance lo corrosion CO 
(Reduction of vcight caused 
by dipping I hour in IK 5. 
solution of pill) 

















Example 2 

Fe powder, Af powder. Or powder, Fe-Af afloy power and Fe-Cr alloy powder, having a particle size of 300 
mesh or less and prepared in the same manner as Example 1, were mixed with Cu powder and Sn powder, having 
a particle size of 300 mesh or less, to prepare various powder mixtures having the composftions listed in Table 2, 
and honeycomb structures were manufactured using those mixtures in the same manner as that of Example 1. 

The porosity and oxidation resistance of the obtained honeycomb structures were measured. The results 
of th measurements are shown in Tab! 2. 

As is clear from Table 2, addition of Cu and Sn powders lowers the sintering temperature or decreases the 
porosity in the case of the sintering performed at the same temperature. However, introduction of Cu and Sn 
powders deteriorates oxidation resistance, and should therefore be restricted less than 10% by weight In total. 
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Example 3 

Sintered materials each consisting of a honeycomb structure having either of the following compositions 
were prepared using an extrusion die having 4 ma in rib thickness and 400 per cpi 2 in number of through-holes, 
5 according to the same method as in Example 1. 

(1) Fe-20Cr-5AI 

(2) Fe-23AI 

Then, there were investigated preferable conditions for treating each of the above sintered materials to form 
a f3m thereon. 

10 Incidentally, the sintered materials having a Fe-20Cr6AI composition were obtained by firing an iron car- 
bony) powder, a ground Fe-50AI powder and a ground Fe-60Cr powder at 1,320°C; the sintered materials of 
a Fe-23AI composition were obtained by firing an iron carbonyl powder and a ground Fe-5QAI powder at 
1,320°CX 

The furnace used for treating each sintered material of honeycomb structure (Run Nos. 3&43) was a 300- 
15 (iter gas furnace of internal heating type comprising a W mesh heater and a Mo reflector. The gas flow rate 
employed was 1-10 liteis/min- In Run 38-43, there was used a hydrogen gaswahydrogenHiixtrogenmbrt- 
ure gas, in each of which gases the water content had been controlled. 

The sintered materials of honeycomb structure having a film thereon were subjected to an oxidation resi- 
stance test by keeping them in an electric furnace at 1,000°C for 100 hours to evaluate their weight increases 
20 and dimensional changes. The results are shown in Table 3. The surface films alter the oxidation resistance 
test were observed by a SEM (scanning type electron microscope). Each film caused no peeling and had good 
adhesion. 

Total oxidation amount was approximately expressed as a sum of [weight increase by preliminary oxidation 
(oxide «m formation)] and [weight increase by oxidation resistance test (1 ,000°C x 1 00 hours)]. 
25 As is clear from Table 3, comparison of Run Nos. 33-34 (Comparative Examples) with Run Nos. 35-38-40 
(Examples) indicates that the total oxidation amounts of the Examples are smaller than those of the Compara- 
tive Examples and that protective film of superior oxidation resistance were formed in the Examples. Compari- 
son of Run Nos. 36-37 (Comparative Examples) with Run Nos. 41-43 (Examples) indicates the same thing. 

30 



35 



40 



45 



50 



55 



11 



EP 0 450 897 A2 




55 



12 



EP0450 897A2 



Example 4 



There were mixed an iron carbonyl powderof 5 urn in average partidediame^ 
derof 26 um m average particfe diameter, an electrolytic Cr powder of 43 um in average particle diameter, an 
5 atomized Fe-30 Cr alloy powder of 20 um in average particle diameter and a ground Fe-60CR alloy powder of 
18 um in average partkde diameter so as to give a composition shown in Table 4, Each mixture was subjected 
to the same procedure as in Example 1 to prepare a honeycomb structure. 

EachofthetajneycombstmctuiBswasr^ resistance in the same manner 

as in Example 1. The results are shown in Table 4. 
10 As is clear from Table 4, use of 30% by weight or more of an iron powder in materia] powder gives improved 
oxidation resistance and corrosion resistance. 
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Table 4 
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75 


73 


66 


75 


71 


75 


74 


79 
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(wt» 


5 


5 


8 


5 


3 
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8 
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Cr 


20 


22 


26 


20 


26 


20 


18 
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Batch Fe Powder 
Coaposi- 


70 


68 


40.7 


56.7 


50.7 


23.3 


24 
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tion Fe-50Aj2 Powder 
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10 


10 


16 


10 
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10 


16 


10 


C r Powder 
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or less) Fe-30Cr Powder 












66.7 


60 


60 


Fe-6QCr Powder 






43.3 


33.3 


43.3 








Sintering temperature { °C ) 
ffiydrosen aUosphere) 


1300 


1350 


1350 


1350 


1400 


1300 


1300 


1400 


Heat- treatment teap era tare 
CC } 


1050 


1100 
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1100 


1000 


1000 


1000 


960 


Porosity (X) 




lb 




in 
30 


16 


21 


37 


19 


Resistance to oxidation (»U>) 
(An increase in weight 
caused by therao-aging 1000 
hours at 900*C ) 


2.1 


1.6 


2.8 


2.5 


3 


4.1 


4.6 


3.5 


Resistance to corrosion CO 
(Redact io in of weight caused 
by dipping 1 hour in KJ2 
solution of pBl) 


0.2 


0.1 


0.3 


3.2 


0.2 


1.2 


1.7 


0.7 



SO Example 5 



Fe powder, Fe-AI powder (A) : 50 wt%) and Fe-Cr powder (Cr : 50 wt%), having average particle sized of 
10,20 and 22 um, were mixed to prepare a mixture having a composition of Fe-22Cr-5AJ (% by weight), and 
the obtained mixture was then blended into an organic binder (methyl ceDulose), an antioxidant (oi ic acid) and 
55 water to produce a read 9y formabte body. That body was formed into a square ceU honeyoom b structure having 
a rib thickness of 4 mfl and a cefl density of 300 cpi 2 by extrusion. The extruded honeycomb structure was dried 
and fired in hfe atmosphere at 1300°C. Thereafter, the obtained honeycomb structure was subjected to heat- 
treatment in atmosphere at 1000°C. One electrode was provided on the central axis of the obtained honeycomb 
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structure while the other electrode was provided on the outer periphery thereof. 

The obtained honeycomb structure had a porosity of 22% by volume and an average pore diameter of 5 

urn 

5 Example 6 

A honeycomb structure with a catalyst supported thereon was obtained by coating 7-AI2O3 on the hon- 
eycomb structure obtained in Example 5, by loading 20 g/ft> Pt and Pd respectively and then by firing the whole 
at 600°C. thereafter, the electrodes were provided in the same manner as that of example 5. 

10 

Example 7 

A honeycomb structure having a composition of Fe-25AI was obtained in the same manner as that of 
Example 5. Trite honeycomb structure had a porosity of 25% by volume and an average pore diameter of 4 
15 urn. 

Example 8 

A honeycomb structure with a catalyst carried thereon was obtained in the same manner as that of Example 
20 6 using the honeycomb structure obtained in Example 7. 

Comparative Example 1 

Electrodes were provided on a foil-type metal honeycomb (having a rib thickness of 2 mil, a passage density 
25 of 400 cpp, and a compo si tion of Fe-20Cr-5AI) which was on sale. 

Comparative Example 2 

The sample of Comparative Example 1 was subjected to oxidation in the manner described in ILK. Patent 
30 1492929. The oxidation was conducted by maintaining the sample in the air at a temperature of 1000°Cfor 1 
hour, and a catalyst was supported on that sample in the same manner as that of Example 6. 

[Evaluation] 

35 (Heat cycle durabOity test) 

With the use as a preheaterfbr a catalyst for use in automobile exhaust emission control in mind, supply 
of a current by battery of 12V for 30 seconds was repeated 300 times whBe an air was caused to flow through 
the passages at a rate of I.Orr^/min. The temperature of the cell walls reached about 400 to 500°C. 

40 

(Catalyst peeling test) 

Table 5 shows a change in the weight of the catalyst, caused by the heat cycle durabaity test, and Table 
6 shows a change in the weight of the sample subjected to the heat cycle test, caused for forcibly causing the 
45 catalyst to peel by the ultrasonic washing. 



50 



55 
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Table 5 Rate of change in the catalyst weight 
caused by the heat cycle durability test 



Sample 


Rate of reduction in weight(fc) 


Example 6 


0.8 


Example 8 


0.6 


Comparative Example 2 


3.5 



Table 6 Amount of catalyst which peels of the 
sample subjected to the heat cycle durability test 



Sample 


Rate of reduction in weight (%) 


Example 6 


1 


.2 


Example 8 


0 


.8 


Comparative Example 2 


10 


.2 



when the foil type metal honeycomb was subjected to heat cycle durability test, the flat plate to corrugated 
plate Join was cracked and telescope phenomenon occurred whereas no change was seen on the samples of 
Examples of the present invention. 

(Heat generation checking test) 

A current was supplied to the samples subjected to the heat cycle durability test using a battery of 12V for 
30 minutes while an air was caused to flow at a rate of 1.0 rr^/min. At that time, the temperature of the cell 
walls located near the center of the honeycomb structure was measured at 5 points. Table 7 shows the time 
required for the temperature to reach 350°C. 

Table 7 



Sample Time required (sec) 



Example 5 8.5 

Example 6 10.0 

Example 7 9.5 

Example 8 11.5 



Comparative Example 1 14.0 
Comparative Example 2 16.5 



In Examples 5 to 8, temperature distribution was within the range of±20°C wh3e in Comparative Examples 
it was within the range of ±50°C. 
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(Checking for the performance required for a preheater for use in automobile exhaust emission control} 

The catalytic converters were obtained by providing as a preheater each of the samples of this inventioTi 
in from of a three-way catalyst which was on sale. An exhaust gas of the engine was introduced to each con- 
5 verterfbr 2 minutes to raise the temperature thereof from 1 Q0°C up to 420°C at a fixed speed and the tempera- 
ture was then kept at 420°C for 1 minutes. The conversion of the components present in the exhaust at that 
time was measured to check th e performance of the above-described catalytic converters when an engine was 
started. 

The samples subjected to the heat cycle test were used as the heaters in a state in which they were ener- 
10 gized tor 1 minutes by a battery of 12V. Table 8 shows the average conversion of the component gases 
measured for three minutes. 



Table 8 Average Conversion {%) 



Sample 




CO 


HC 


NOx 


Without heater 




50 


37 


47 


Example 5 




62 


47 


60 


Example 6 




68 


52 


65 


Example 7 




62 


46 


59 


Example 8 




67 


50 


64 


Comparative Example 


1 


56 


42 


53 


Comparative Example 


2 


60 


45 


55 
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Claims 



1. A heat-resistant metallic monolith comprising: 

a metal monolith manufactured by forming metal powders into a shape of a honeycomb configuration 
35 and by sintering said shape; and 

a heat-resistant metal oxide coated on a surface of cell walls and thatof pores in said metal monolith. 

2. A heat-resistant metallic monolith according to claim 1, wherein said metal monolith consists essentially 
of 25 to 30% by weight of Af , 0 to 40% by weight of Or and a balance of Fe. 

40 

3w A heat-resistant metallic monolith according to claim 1, wherein said metal monolith consists essentially 
ofZ5 to 30% by weight of Af, 0to40% by weight of Cr, 0 to 10% by weight of Sn.O to 10% by weight of 
Cu, the sum Sn and Cu being up to 1 0% by weight and a balance of Fe. 

45 4» A catalyst carrier comprising a heat-resistant metallic monolith according to claim 1 . 

& A honeycomb heater comprising; 

a metallic honeycomb structure produced by forming metal powders into a honeycomb configuration 
and by sintering said honeycomb; and 
5D at least two electrodes through which a current is supplied to said honeycomb structure to heat gas 

flow in passages formed in said honeycomb structure. 

& A honeycomb heater comprising: 

a heat-resistant metallic monolith comprised of a metal monolith manufactured by forming metal 
5$ powders into a shape of a honeycomb configuration and by sintering said shape, and a heat-resistant metal 
oxide coated on a surface of ceil walls and that of pores in said metal monolith: and 
electrodes provided on said metallic monolith. 
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7. A catalytic converter comprising: 

a main monolith catalyst; and 

a honeycomb heater disposed adjacent to and upstream of said main monolith catalyst, said hon- 
eycomb heater including a metaili honeycomb structure produced by forming metal powders into a hon- 
5 eycomb configuration and by sintering said honeycomb, and at least two electrodes provided on said 
metallic honeycomb structure. 

8l A catalytic converter comprising: 
a main monolith catalyst; 

10 a heater disposed adjacent to and upstream of said main monolith catalyst, said heater including a 

heat-resistant metallic monolith comprised of a metal monolith manufactured by forming metal powders into 
a shape of honeycomb configuration and by sintering said shape and a heat-resistant metal oxide coated 
on a surface of cell walk and that of pores in said metal monolith; and electrodes provided on said heat- 
resistant metallic monolith. 

15 

9. A catalytic converter comprising: 

a main monolith catalyst; and 

a heater disposed adjacent to and upstream of said main monoGth catalyst, said heater including a 
heat-resistant metallic monolith comprised of a metal monolith manufactured by forming metal powders into 
20 a shape of a honeycomb configuration and by sintering said shape, and a heat-resistant metal oxide coated 
on a surface of cell walls and that of pores in said metal monolfth; 

a catalyst supported on said heat-resistant metallic monolith; and 

electrodes provided on said heat-resistant metallic monolith. 

25 10. A catalytic converter comprising; 

a heat-resistant metallic monolith comprised of a metal monolith manufactured by forming metal 
powders into a shape of a honeycomb configuration and by sintering said shape and a heat-resistant metal 
oxide coated on a surface of cell waQs and that of pores in said metal monolith; 
a catalyst supported on said heat-resistant metallic monolith; and 
30 electrodes provided on said heat-resistant metallic monolith. 

11. A method of manufacturing a heat-resistant metallic monolith, comprising the steps of: 
mixing metal powders, an organic binder and water to prepare a mixture; 
forming said mixture into a shape of a desired honeycomb configuration; 
35 sintering said shape in a non-oxidizing atmosphere at a temperature between 1000 and 1450°C; 

and 

coating a heat-resistant metal oxide on a surface of cell walls and that of pores of the obtained sin- 
tered body. 

40 12. A method of manufacturing a heat-resistant metallic mond&h according to claim 1 1 wherein said metal pow- 
ders are a mixture consisting essentially of 2.5 to 30% by weight of A? f 0 to 40% by weight of Cr and a 
balance of Fe. 

13. A method of manufacturing a heat-resistant metallic monolith according to claim 11, wherein said metal 
45 powders are a mixture consisting essentially of 2J5 to 30% by weight of Af , 0 to 40% by weight of Cr, 0 to 

10% by weight of Sn, 0 to 10% by weight of Cu, the sum Sn and Cu being up to 10% by weight, and a 
balance of Fe. 

14. Ametrtodofmanufacoinr^ pow- 
50 der material comprises at least 30% by weight of a pure iron powder. 

15. A method of manufacturing a heat-resistant metallic monolith according to claim 14, wherein the pure iron 
powder is an iron carbonyl powder. 

55 16. A method of manufacturing a heat-resistant metallic monolith according to claim 1 1 , which comprises keep- 
ing the sintered body in a hydrogen-containing gas atmosphere of 50XM,300°C to form a heat-resistant 
metal oxide thereon. 
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17. A method of manufacturing a heat-resistant metaDic monolith according to claim 1 6, wherein the hydrogen- 
containing gas atmosphere has a derv point of -70°C to -40°C. 
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